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(57) ABSTRACT 

The present invention relates to the ?eld of tWo-Way satellite 
communications and in particular, to high capacity multi 
purpose satellite communication systems optimized for tWo 
Way broadband communications. The tWo satellites are 
collocated and utilize a complementary channel arrange 
ment Which facilitates full dual pole coverage continuity 
When one of the satellites fails. Four channels of either 
inbound or outbound may be associated With each spot 
beam area. TWo channels may be provided by each of the 
tWo co-located satellites and may be con?gured to have a 
speci?c predetermined relationship With each other. 
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Channel Donation Example: 
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Fig. 16 
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MULTI-SPOT SATELLITE SYSTEM FOR 
BROADBAND COMMUNICATION 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to the ?eld of tWo 
Way satellite communications. More particularly, the present 
invention relates to high capacity multi-purpose satellite 
communication systems optimiZed for tWo-Way broadband 
communications. 

[0002] Residential tWo-Way satellite communications 
have heretofore been commercially impractical for the aver 
age homeoWner. The cost of the space segment, satellite 
dish, transceiver, and associated knowledge and support 
have been far too expensive for the average consumer or 
small business. Hence, the average consumer may Well 
require access to a local phone company for multiple phone 
lines, a facsimile line, a high-speed data line and a cable 
company for television. The cost of all of these services may 
Well eXceed $200 per month and may only receive limited 
use by the home oWner. In areas Where there is satellite 
television provided, this service is often one-Way due to the 
limitations of present day tWo-Way broadband communica 
tion systems. Thus, current users of satellite television 
systems Will not be able to participate in the coming Wave 
of interactive television/Internet applications. To complicate 
matters, in many areas, cable television and high-speed data 
lines are not available at any price. Hence there is a need for 
a loW cost tWo-Way broadband satellite communication 
system that is affordable to the average consumer. 

SUMMARY OF THE INVENTION 

[0003] In order to overcome the disadvantages of conven 
tional systems, there are a number of objects and associated 
aspects of the present invention. 

[0004] In aspects of the invention there are tWo co-located 
satellites, in Which four channels of the same type (either 
inbound or outbound) may be associated With each spot 
beam area. TWo channels may be provided by each of tWo 
co-located satellites and may be con?gured to have a spe 
ci?c predetermined relationship With each other. The four 
channels may include tWo channels in each polariZation 
direction. 

[0005] Aspects of the invention also include using the 
above described channel arrangement Which may facilitate 
hot back-up for a full satellite failure. For eXample, Where 
there are tWo co-located satellites, if one satellite fails, the 
Whole ground system covered by a spot beam array may be 
con?gured to continue operations even though the polariZa 
tion of each ground terminal is ?Xed. In one aspect of the 
invention, this may be accomplished by utiliZing at least tWo 
channels of the same type (inbound or outbound) in any 
given spot beam area in each of the tWo orthogonal polar 
iZation directions. Thus, it is possible to continue service 
With only a single channel per polariZation per direction. 
Service may be continued by sWitching part of the remaining 
satellite channels to the other polariZation direction and/or 
by con?guring the channeliZation in a predetermined man 
ner to provide redundant coverage. The con?guration may 
be accomplished by a sWitch on the satellite and associated 
ground control via a suitable control mechanism such as a 
satellite control center. The satellite control center may be 
disposed in any suitable location. 
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[0006] Aspects of the present invention also provide for 
load balancing. For eXample, the system alloWs for ?exibil 
ity like the unequal allocation of capacity betWeen different 
spot beam areas. Where the demand for capacity is not equal 
in all spot beam areas, a channel may be sWitched from a 
loW-demand spot beam area to high demand spot beam area. 
This may be accomplished via a sWitching and control 
mechanism disposed on the satellite and controlled from an 
earth based system such as the satellite control center. 

[0007] In still further aspects of the invention, the chan 
nels may be spaced by a predetermined amount of frequency 
channels (e.g., four frequency channel Where the range of 
frequencies is eight channels Wide) so as not to interfere With 
each other or adjacent spot beams. For example, spot beam 
area A may receive satellite channels from satellite I on 
channels 1 and 5 both on the same polariZation. Spot beam 
area A may also receive satellite channels from satellite II 
also using spaced frequencies such as 3 and 7—both on the 
same polariZation—orthogonal to that of satellite I. Having 
channels arranged in this manner, e.g., channels 1 and 5 on 
a ?rst polariZation With channels 3 and 7 on a second 
polariZation in the same spot beam, may provide optimal 
channel spacing and reduce interference. 

[0008] Similarly, a second adjacent spot beam (spot beam 
area B) may receive satellite channels from Satellite I on 
channels 2 and 6 both on the same polariZations. Spot beam 
area B may also receive satellite channels from Satellite II 
also using spaced frequencies such as 4 and 8—both on the 
same polariZation orthogonal to that of satellite I. Having 
channels arranged in this manner, e.g., channels 2 and 6 on 
a ?rst polariZation With channels 4 and 8 on a second 
polariZation in the same spot beam may provide optimal 
channel spacing and reduce interference. 

[0009] The set may comprise a group of spot beams Which 
may be associated With a single Hub and may make use of 
the entire available frequency range. For eXample, the set 
may include four spot beams. In alternate con?gurations, the 
practical number of spot beams in a set may be 2, 3, 4, 5, 6, 
or 7. For many spot beam arrangements, having four spot 
beams per set provides an optimal con?guration. With 
proper geographical arrangement, the satellite may include 
several sets employing frequency reuse. 

[0010] A similar con?guration may be replicated for any 
remaining spot beams in the same set. For eXample, Spot 
beam area C may receive satellite channels from Satellite I 
also using spaced frequencies such as 3 and 7—both on the 
same polariZations. Spot beam area C may also receive 
satellite channels from Satellite II also using spaced chan 
nels such as 1 and 5 both on the same polariZation orthogo 
nal to that of Satellite I. Similarly, Spot beam area D may 
receive satellite channels from Satellite I also using spaced 
frequencies such as 4 and 8—both on the same polariZations. 
Spot beam area D may also receive satellite channels from 
Satellite II also using spaced channels such as 2 and 6 both 
on the same polariZation orthogonal to that of Satellite I. 

[0011] In the above con?guration, full tWo-Way coverage 
of all spot beams may still be provided Where one entire 
satellite fails. 

[0012] In still further aspects of the invention, cross strap 
connectivity is provided in a single or dual satellite With the 
speci?c purpose of increasing usable space segment capacity 
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for tWo Way communication. Thus, by con?guring the 
cross-strap connectivity, it is possible to double the band 
Width available for a tWo-Way very small aperture terminal 
(VSAT). For example, in conventional tWo Way VSAT 
systems the Hub and each of the many VSAT user terminals 
operate in the same frequency band (e.g., Ku band). Thus, 
the Hub takes a signi?cant part of that frequency range (half 
of the sum of the uplink frequency range and the doWnlink 
frequency range). By recon?guring the Hub to operate in a 
different frequency band such as Ka, the bandwidth avail 
able for the VSAT is doubled. This may be accomplished by 
including a frequency converter in the satellite to convert the 
frequency of the Ku band channels and forWard the channels 
to a ground station or gateWay on a different frequency band 

(e.g., Ka). 
[0013] This is important since small terminals can use 
more efficiently the Ku band frequencies versus the Ka band 
frequencies. By operating the Hub in the less attractive/ 
convenient band (e.g., Ka), the full Ku band is available for 
the small terminals. Thus, the Ku band available for the 
small terminals is doubled. 

[0014] In still further aspects of the invention, a single 
satellite may provide generic or broad beam connectivity to 
provide for a more general use system, Which may be 
sWitched to serve generic Wide beam operations, narroW 
beam applications, or mixed mode applications as needed. 
This may have the result of substantially minimiZing busi 
ness risk by alloWing the market to determine demand and 
then recon?guring the satellite after launch to adapt to the 
service requirements. In these embodiments, a single satel 
lite may be recon?gured for generic-usage connectivity for 
versatility and business risk mitigation. The recon?guration 
discussed above may also be applicable to a dual satellite 
system. 

[0015] A control circuit on the satellite and associated 
sWitch may alloW the ampli?ers on satellite to sWitch to 
uni?ed (generic) coverage of all of the service area as 
opposed to spot beam array coverage. In this manner, the 
Whole payload or portions of the payload may be sWitched 
from uni?ed coverage to and from spot beam coverage. This 
may be done on a partial change basis to operate some 
channels With spot beam and some With uniform coverage, 
or on a system Wide basis for each satellite. The above 
recon?gurations are performed via ground control. 

[0016] In still further embodiments of the invention, the 
recon?guration of the satellite may be accomplished in a 
variety of manners. For example, the cross-strap connectiv 
ity for doubling of the preferred bandWidth can be sWitched 
in or not. 

[0017] Thus, both the generic broad beam coverage and 
the spot beam coverage may be operated using the cross 
strap connectivity betWeen different bands such as the Ka 
and Ku bands. Thus both the generic and spot beam mode 
may be operated together, each in half of the frequency 
range. The above described channel arrangement and the 
cross strap connectivity con?gurations may be used together 
to maximiZe the ef?ciency of the satellite system. 

[0018] These and other features of the invention Will be 
apparent upon consideration of the folloWing detailed 
description of preferred embodiments. Although the inven 
tion has been de?ned using the appended claims, the inven 
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tion may include one or more aspects of the embodiments 
described herein including the elements and steps described 
in any combination or subcombination. For example, it is 
intended that each of the above aspects of the invention may 
be used individually and/or in combination With one or more 
other aspects of the invention de?ned above and/or in 
connection With the detailed description beloW. Accordingly, 
there are any number of alternative combinations for de?n 
ing the invention, Which incorporate one or more elements 
from the speci?cation, including the description, claims, 
aspects of the invention, and/or draWings, in various com 
binations or subcombinations. Accordingly, it Will be appar 
ent to those skilled in satellite communication art in vieW of 
the present speci?cation, that alternate combinations and 
subcombinations of one or more aspects of the present 
invention, either alone or in combination With one or more 
elements and/or steps de?ned herein, may constitute alter 
nate aspects of the invention. It is intended that the Written 
description of the invention contained herein cover all such 
modi?cations and alterations. 

BRIEF DESCRIPTION OF THE DRAWING 

[0019] The foregoing summary of the invention, as Well as 
the folloWing detailed description of preferred embodi 
ments, is better understood When read in conjunction With 
the accompanying draWings, Which are included by the Way 
of example, and not by Way of limitation With regard to the 
claimed invention in the accompanying ?gure in Which like 
reference numerals indicate similar elements. 

[0020] FIG. 1 shoWs an exemplary block diagram of one 
set of the spot beam array in a single satellite system 
embodying aspects of the present invention. 

[0021] FIG. 2. shoWs an exemplary block diagram of one 
set of the spot beam array using multiple satellites covering 
spot beam areas Which may be separated and/or partially 
overlap. 

[0022] FIGS. 3A-3C shoW an exemplary table depicting a 
method of channel arrangement for use in the above systems 
in accordance With embodiments of the invention. 

[0023] FIG. 4 shoWs an exemplary map of spot beam 
coverage for the United Sates Which includes 24 beams in 
six sets. 

[0024] FIG. 5 shoWs a simpli?ed block diagram of on 
board control functions of the satellite communication pay 
loads utiliZed in the above Figures. 

[0025] FIG. 6 shoWs an exemplary map of alternative 
generic beam coverage for the United States. 

[0026] FIG. 7 shoWs a exemplary basic channel arrange 
ment in a single spot in a dual satellite system. 

[0027] FIG. 8 shoWs an exemplary embodiment of an 
outbound single satellite single set example using aspects of 
the present invention. 

[0028] FIG. 9 shoWs an exemplary embodiment of an 
outbound dual satellite single set example using aspects of 
the present invention. 

[0029] FIG. 10 shoWs an exemplary embodiment of an 
inbound single satellite single set using aspects of the 
present invention. 








